Missouri University of Science and Technology

Scholars' Mine
International Conference on Case Histories in
Geotechnical Engineering

(2008) - Sixth International Conference on Case
Histories in Geotechnical Engineering

14 Aug 2008, 4:30pm - 6:00pm

Investigation on Mechanism of Creep Deformation of Slopes in
Woo-Wan-Chai Landslide Area, Taiwan
M. Chang
National Yunlin University of Science & Technology, Yunlin, Taiwan, China

G. M. Chiang
National Yunlin University of Science & Technology, Yunlin, Taiwan, China

S. D. Chen
National Yunlin University of Science & Technology, Yunlin, Taiwan, China

Y. S. Zhang
National Yunlin University of Science & Technology, Yunlin, Taiwan, China

H. C. Liu
Central Geologic Survey, Taipei, Taiwan, China
Follow this and additional works at: https://scholarsmine.mst.edu/icchge
the for
Geotechnical
Commons
SeePart
nextof
page
additional Engineering
authors

Recommended Citation
Chang, M.; Chiang, G. M.; Chen, S. D.; Zhang, Y. S.; Liu, H. C.; and Wu, C. F., "Investigation on Mechanism of
Creep Deformation of Slopes in Woo-Wan-Chai Landslide Area, Taiwan" (2008). International Conference
on Case Histories in Geotechnical Engineering. 30.
https://scholarsmine.mst.edu/icchge/6icchge/session02/30

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 4.0 License.
This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been
accepted for inclusion in International Conference on Case Histories in Geotechnical Engineering by an authorized
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including
reproduction for redistribution requires the permission of the copyright holder. For more information, please
contact scholarsmine@mst.edu.

Author
M. Chang, G. M. Chiang, S. D. Chen, Y. S. Zhang, H. C. Liu, and C. F. Wu

This article - conference proceedings is available at Scholars' Mine: https://scholarsmine.mst.edu/icchge/6icchge/
session02/30

INVESTIGATION ON MECHANISM OF CREEP DEFORMATION OF SLOPES
IN WOO-WAN-CHAI LANDSLIDE AREA, TAIWAN
M. Chang, G.M. Chiang, S.D. Chen, Y.S. Zhang
National Yunlin Univ. of Sci. & Tech.
Yunlin, Taiwan, ROC

H.C. Liu
Central Geologic Survey
Taipei, Taiwan, ROC

C.F. Wu
Directorate General of Highways
Taipei, Taiwan, ROC

ABSTRACT
The creep deformation of slopes in Woo-wan-chai landslide area has been a serious problem for District V, Directorate General of
Highways, Taiwan, in maintenance of Province Road 18 since opening. With a 3-Km long section being laid across the area, the road
is a main access to Alishan National Scenic Area and Yushan National Park in Taiwan. To closely observe the slope deformation, a
long-term monitoring program was set up at the site. Results indicated the deformation was intimately related to the rainfall, groundwater rise, and slope toe erosion, with an average sliding rate reached about 20mm/month. Causes and mechanism of the slope creeping were further examined through several stages of field investigations and laboratory testing. Results indicated the geologic structure in the area was complicated by the faulting. Several potential sliding masses were identified with multi-layered deep-seated slip
surfaces. The slope movements appeared to be the retrogressive-type. The short-term, residual and creep strengths of the sliding surface material were evaluated. Results indicated the creep strength of the material was about 85% of its short-term strength, which was
roughly the required strength value of the slip surface material to maintain a marginal long-term stability of the slopes.
INTRODUCTION
Woo-wan-chai is an old landslide area with a size of about 50
hectares in plan. The site is located to the west flank of Ali
Mountain Range in the mid-west of Taiwan (Lin 1957). Province Road 18, or so-called Mt. Ali Road, is a main access to
Alishan National Science Area and Yushan National Park.
The road has become one of the major package-tour routes in
the Doubling Tourist Arrivals Plan approved by Taiwan Government (MOTC 2005). Woo-wan-chai is located at the mileage of about 30Km along Province Road 18, where a 3-Km
section in the area has been suffered a constant movement of
the slopes and resulted in a substantial amount of maintenance
cost for the government agency-in-charge, District V, Directorate General of Highways, Taiwan.
The problem of slope movements was brought to attention
since the construction of the road in 1980s. At the end of July,
1996, severe Typhoon Herb swept Taiwan and brought abundance of rainfall into the area (~2000mm, Alishan Station)
(Yeh 1996). Significant damages to the road (slope slips, road
subsidence, surface cracks, retaining wall tilts, etc.) were evident. On June 26, 2003, a major landslide, with a volume of
about 500,000 m3, occurred in the area as a result of prolonged
rainfall prior to the failure, and a 150m-section of the road was
therefore lost (Chang et al. 2005). It has been the most serious
slope failure incident in the history of the road. In addition,
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several other signs of minor slope distress were also observed
in the area after heavy rainfall events in the past.
Several stages of geotechnical investigations had been conducted after the 1996 and 2003 incidents (ITRI 1999, LEC
2006). The ground information obtained in these investigations assisted in building up a clearer picture of the subsurface
conditions. An on-site monitoring program was set up since
the early of 2000 (Chang et al. 2003). Results of the longterm monitoring provided a better understanding on the deformation behavior of the slopes. The aim of the current paper
is to discuss the findings from the previous investigations,
with emphasis on the creep deformation mechanism of the
slopes observed from the in-situ monitoring and laboratory
testing.
THE PROBLEM OF SLOPE CREEPING
Slope Toe Erosion
Province Road 18 was constructed in 1980s. When entering
the north boundary of Woo-wan-chai Area, the road formed
several switchbacks (bends) due to the sloping side of the area
(Fig.1). The toe of Woo-wan-chai Area is bounded by the
north and south branches of Doo-zuo Creek, of which the
south branch has been actively eroding the south slope in the
area, as shown in Fig.1.

1

In the same figure, changes in the surface vegetation and plantation were also obvious within more than a 10-year time period, indicating both human activities and slope toe erosion
had influences on the stability of the slopes. As mentioned
previously, the 2003 failure in the south slope of the area is
shown in the 2003 aerial photograph. Apparently, the failure
has been influenced by the erosion of the creek to the southslope.
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Vertical and Lateral Movements
Based on digital terrain and survey data, changes in the surface topography over the years were able to be plotted. The
digital data were arranged by the 40m × 40m grid points.
Interpolations and extrapolations of data away from the grid
points were inevitable. Figure 2 indicates changes in the surface elevations between 1994 and 2003. By considering vegetation growth, human activities, slope movements, and data
accuracy as well, surface depressions and heaves over the 10year time period could have reached -20m and +12m, respectively. Although the numbers appeared to be large, the general pattern of surface elevation changes was reasonable. The
depression zone that delineates the boundary of the 2003 slope
failure was clear as shown in the figure.
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Fig. 2. Changes in surface elevation between 1994 and 2003
DTM data.
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Fig. 1. Evolution of topography and surface erosion at WooWan-Chai Area from 1992 to 2003.
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Note: Numbers refer to
the bends in the road.
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Fig. 3. Changes in horizontal alignment of Province Road 18
between 1994 and 2003.
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Figure 3 indicates the changes in the horizontal alignment of
Province Road 18 over the same period of time. By considering the abovementioned potential factors that might have affected the accuracy, differences in the road alignments in plan
indicated the lateral movement in the 4th switchback (bend)
was relatively more serious (~10m, toward NW) than others.
On-Site Ground Monitoring Results
A long-term on-site ground monitoring program was set up in
the early of 2000 (Chang et al. 2003). Results of the monitoring enabled the observation of creep movement of the slopes
in the area. Figure 4 shows a typical example of slope movement history at the 4th switchback (bend) of the site, along
with groundwater level measurement and monthly rainfall data.
The ground (lateral) deformation was measured through the
inclinometer tubing, which would be more precise in determining the magnitude of movement.
Results showed the accumulated lateral deformation of ground
surface was about 1000mm in a 5-year time frame, or equivalently, an average sliding rate of 200 mm/yr. The sliding rate
would be accelerated as a result of rainfall and the associated
groundwater level rise. The sliding would be decelerated but
maintain at a lower (creep) rate, however, during the dry seasons (November to April/next year).
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Evidences of Slope Distress
Evidences of slope distress were noticed during the typhoon
seasons and other occasions. Serious damages of the road in
the area during the 1996 Typhoon Herb and the 2003 slope
failure events were obvious. Signs of slope distress were
emerging in the area over the years. An example of slope distress is shown in Fig. 5, which indicated the ground was subsiding (creeping) in a 3-1/2 month time frame and caused the
inclinometer (C-9) to stick up the ground surface.
Table1. Average sliding rates and sliding directions at WooWan-Chai Area.
Inclinometer

Average
Sliding Rate
(mm/month)
1.45
11.02
0.50
4.81
6.55
1.41
5.43
9.96
21.93
8.10
1.78
16.13
1.98
0.80
2.19
2.65
1.94

Sliding
Direction*
(°azimuth)
268
296
231
319
312
280
311
302
298
281
261
275
311
345
240
237
295

Change in Sliding Direction**
( °/month)
0.03
0.51
-1.01
-1.14
0.10
0.29
0.80
-1.60
-11.89 a
0.85
-1.74
-13.36 a
-0.02
2.52
-9.44 a
-5.82 a
-9.83 a

C-1
C-2A
C-3
C-7A
C-10
C-11
C-12A
04-1
04-2A
04-4
B-1
B-5
B-8
B-12
05-3
05-5
05-7
Note: * Refers to the sliding direction at the top of hole.
*a * “+” for clockwise and “-” for counter-clockwise.

Significant changes in sliding direction were due to the locations of the inclinometers which were situated at the critically
unstable slopes. The available time for the measurements of
these inclinometers was only 150~220 days before substantial
movements that prevented further measurement of the slopes
in these area.

Fig. 4. Monitored data of ground deformation, rainfall, and
groundwater level between 2000 and 2005 at the 4th Turn of
Province Road 18 (Chang et al. 2007).
Table 1 indicates the ground surface sliding rate and sliding
direction measured in the inclinometers of the area. The average sliding rate of on-site slopes ranged from 0.5~21.9 mm/
month, in which the north-slope generally exhibited higher
sliding rate (~7.07 mm/month) than the south-slope (~4.78
mm/month). The sliding direction was 231°~345° (azimuth).
In spite of some inclinometers that were located in the critically unstable areas, slight changes in the sliding direction
were noticed, suggesting the slope toe erosion by the Doo-zuo
Creek and other localized loosening might have gradually
twisted the sliding direction of the slopes.

2002.06.26

2002.08.17

2002.10.10

Fig. 5. Example of slope creeping at Inclinometer C-9, southwest facing slope, Woo-Wan-Chai Area.
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GEOLOGIC STRUCTURE AND SLIDING PATTERN

Sliding Block Distribution and Sliding Pattern

Geology of the Area

Results of on-site monitoring and geotechnical investigations
assisted in the zoning of sliding masses (or blocks) in the area
(Chang et al. 2007, 2008). Figure 7 shows approximate
boundaries of the 10 sliding masses identified, with arrows
indicating average sliding rates and rotations measured at the
inclinometers. Obviously, differential sliding existed among
the blocks, where Blocks N3, N4, N5, N8, and N9 were showing greater sliding rates and were apparently influenced by the
fault zone and the slope toe erosion.

The slope creeping appeared to be inherently related to the
subsurface condition of the site. Based on the existing geologic map (Fig.6, ITRI 1999), the site geology includes an
underlying bedrock layer of light grey sandstone, siltstone and
shale interbedded, and dark grey shale of Nan-chuang Formation of Miocene Age. Above the bedrock is the yellowish
brown to brown weather rock, or colluvium. Due to tectonic
movements between Eurasia Plate and Philippine Sea Plate,
the geologic structure in this area is highly complicated by
several synclines and anticlines, and a strike-slip fault (Tar-tou
Fault) crossing the SW portion of the area (Liu et al. 1989).
Accordingly, the instability of slopes appeared to be influenced by the subsurface materials and the fractured geologic
structure in the area.

The sliding mass distribution in the vertical extent could be
visualized in cross-sections. Figure 8 indicates a typical example (Section A-A’, Fig.7) of the cross-sections, with its
location passing through the 4th switchback (bend) of the area.
Generally, the slopes in Woo-wan-chai Area consist of multilayered slip surfaces. In addition, the upper sliding mass, with
a shallower slip surface, would normally exhibit greater sliding rate than the lower mass, suggesting a retrogressive type of
movement of the slope.

Fig. 8. Potential sliding mass distribution in Section A-A’
(Chang et al. 2007).

Fig. 6. Geology of Woo-Wan-Chai Area (ITRI 1999).

ANALYSIS OF MONITORING DATA
A

Delayed Response of Groundwater Fluctuation to Rainfall

N2
N1
N3
N6

N4

N5
N7
N9

A’
N8
N10

Fig. 7. Sliding block distribution and sliding pattern of slopes
at Woo-Wan-Chai Area (Chang et al. 2007, 2008).
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Groundwater level measurements were conducted periodically
through observation wells and piezometers at the site. As
shown in Fig.9, results of the measurements generally indicated the groundwater level in the north-slope was shallower,
with a depth of 10~20m below the ground surface. The
groundwater level in the south-slope was deeper, however,
with a depth of 15~45m below the surface.
Seasonal effects on the groundwater level fluctuation were
about ±3m in the north-slope, and about ±10m in the southslope. Due to a substantial installation of subsurface drainage
system (including horizontal drains and 3.5m-dia. discharge
wells), the north-slope generally showed less variation in
groundwater level than for the south-slope, where only a few
sub-drains had been installed. On the contrary, a high-degree
variation in groundwater level suggested that the south-slope

4

was more vulnerable to movement due to seasonal changes in
the groundwater level.
Results of regression analysis of the groundwater level and the
associated rainfall data had indicated 3~5 days of delayed response in the groundwater level were generally required for
the south-slope. While the groundwater level fluctuation in
the north-slope showed little dependency on the rainfall, suggesting the sub-drain system in the north-slope was functional
(Chang et al. 2003). The delayed response in the groundwater
level suggested a delayed (creep) deformation would be expected in the slope as a result of groundwater rise.
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In order to examine the response of ground deformation to the
rainfall, data of extensometers (on south-slope) were adopted
in the analysis. Results of regression analysis of the ground
deformation and the associated rainfall data showed 1~3 days
of delayed response in the ground deformation were required
(Chang et al. 2003).
The above discussion on delayed responses has led to the following findings. Once the rain water infiltrates down the
ground surface, it will saturate the ground materials (i.e., sliding mass). The weight (or driving force) of sliding mass is
therefore increasing and the creep deformation accelerating,
within a few (1~3) days after the rainfall. If the sliding mass
is equipped with a sub-drain system, the groundwater outflow
will respond to the rainfall in about the same delayed time
(1~3 days). The rain water will reach the groundwater level in
a later time (3~5 days), and then increases the groundwater
level and decreases the effective stresses (or shear strength)
along the slip surface (if submerged). The effect of groundwater level increase will further accelerate the creep deformation
of the slope.
Installation of sub-drain system apparently altered the characters of groundwater fluctuation and sliding behavior in the
north-slope, as compared to that for the south-slope where
only a few sub-drains had been installed. Accordingly, the
groundwater level was relatively stable and the ground deformation appeared to be gentler in the north-slope. It was obvious that the signs of slope distress (or failure) would be more
intense in the south-slope. The 2003 south-slope failure was a
good example that showed the failure had been triggered as a
result of substantial rain water infiltration and groundwater
rise (Chang et al. 2005).
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Fig. 9. Results of groundwater level and groundwater outflow
monitoring
Delayed Response of Groundwater Outflow to Rainfall
The groundwater outflow was measured at the outlets of horizontal drains in the north-slope and the results shown in Fig.9.
It is noted that the groundwater outflows generally responded
to the increase of groundwater levels during the wet seasons
(November-April/next year). Regression analysis of groundwater flow and the associated rainfall data indicated a delayed
response of 1~3 days for the groundwater outflow in the
north-slope (Chang et al. 2003). It was expected that the rain
water would be intercepted by the sub-drain system before it
percolated down to the groundwater level.
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Fig. 10. Definitions of natural creep rate and accumulated
rainfall threshold (Chang et al. 2003).
Natural Creep Rate and Accumulated Rainfall Threshold
In order to evaluate the creep deformation and the associated
amount of rainfall, a nonlinear (hyperbolic) regression analysis was conducted based on the inclinometer and rainfall data
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(Chang et al. 2003). As shown in Fig.10, a hyperbolic representation of the regression relationship between the ground
displacement rate and the accumulated rainfall can be characterized by two lines: a horizontal tangent and an asymptote
that passes through the origin. The y-axis intercept of the
horizontal tangent represents the ground displacement (creep)
rate with no rainfall; a term “natural creep rate” is used. The
x-coordinate of the intersection point of the two characteristic
lines indicates the accumulated rainfall by which a substantial
increase (~70% max.) in the displacement rate per accumulated rainfall is reached; a term “accumulated rainfall threshold” is therefore adopted.

Results of laboratory testing on plasticity index and activity of
the slip surface material in Woo-wan-chai Area are shown in
Fig. 12. Results indicated the plasticity of the material was
generally low, with values less than 20. The designation of
USCS is CL, i.e., low plasticity silty clay. The activity (Ac) of
the material was also low, with an average value of 0.35.
Based on Skempton (1953), the in-situ slip surface material
was classified as “inactive”, suggesting a low compressibility,
low permeability, and low expansibility of the material.
Province Rd.18
C-7A, 25m~30m

Based on above definitions, the natural creep rate was about
0.15~0.40 mm/day (or 4.5~12.0 mm/month) in the north-slope,
and about 0.01~0.16 mm/day (or 0.3~4.8 mm/month) in the
south-slope. The accumulated rainfall threshold was about
170~270mm in the north-slope, and about 80~130mm in the
south slope. It was noticed that the natural creep rate in the
north-slope was higher than that in the south-slope; and also
the accumulated rainfall threshold in the north-slope was larger than that in the south-slope.

Causes of Slope Creeping / Failure

Fig. 11. Picture of coring of slip surface material at the depth
interval between 25m and 28m in Borehole C-7A.
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Since groundwater levels were generally shallower, the potential slip surfaces in the north-slope were more likely to be submerged in the water. As a result, the natural creep rates in the
north-slope would be higher than the south-slope, where the
groundwater levels in this area were generally deeper. In addition, the subsurface drainage system in the north-slope was
able to mitigate the effects of rainfall infiltration and groundwater rise on slope deformation (or stability). Accordingly,
the accumulated rainfall threshold in the north-slope would be
larger than the south-slope, where only a few sub-drains had
been installed.
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Results of field investigations and monitoring data interpretation generally led to the findings on the causes of slope creeping in Woo-wan-chai Area. It appears that the slope toe erosion, rainfall infiltration, and groundwater rise are the triggering factors. The geologic structure and the slope materials in
the area are inherent factors that would favor the development
of creep deformation in the slopes.
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Fig. 12. Activity of slip surface materials at Woo-Wan-Chai
Area.

LAB EVALUATION ON SLIP SURFACE MATERIALS
Physical Properties
Ground monitoring results indicated that most of the slip surfaces at the site were located in the shale layer, or the interbedded layers of siltstone and shale of Nan-chuang Formation,
with low RQDs (ITRI 1999, LEC 2006, Chang et al. 2007).
An example of the rock coring of the slip surface material is
shown in Fig.11, in which a slip zone at the depth interval of
25~28m was found in the inclinometer log. The slip surface
material consists of dark grey, moist, fragmented, soft shale.
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Table 3. Results of direct shear strength testing of slip surface
materials at Woo-Wan-Chai Area (ω=15%, σn=140~560 kPa).
Type
Short-term
CU (quick)
Long-term
CD (reversal)

Condition
Peak /critical
state/ultimate
Peak
Residual

c (kPa)

ψ(deg.)

29.5

28.2

7.7
10.1

26.4
18.6

Fig. 13. Scanning electron microscope (SEM) image of slip
surface materials at Woo-Wan-Chai Area (× 700).
Scanning electron microscope (SEM) image and X-ray diffraction (XRD) results of the slip surface material samples are
shown in Fig.13 and Table 2, respectively. The microscope
image general shows platy-like smooth-surface stacked clay
minerals mixed with bulky-shape silt particles. The mineral
contents of the slip surface material primarily consist of quartz
(20~30%), chlorite (30~40%), and illite (25~45%), and with a
little amount of feldspar (2~4%), which are generally consistent with the composition of shale materials found in other
places of the world (Blatt et al. 1972).
Table 2. Results of X-ray diffraction analysis of slip surface
materials at Woo-Wan-Chai Area.
Source
31K
28K

Quartz
30.89
21.17

Mineral Contents (%)
Feldspar
Chlorite
3.66
38.56
2.90
30.80

Illite
26.89
45.13

Short-Term (Quick, Undrained) Strength
Short-term shear testing was conducted to evaluate the shear
strength of the slip surface material under quick (undrained)
loading condition. A direct shear device was adopted for the
testing. The slip surface material was remolded and recompacted to the in-situ density and water content in the direct
shear mold. The test sample (with mold) was then saturated
and consolidated in the water-filled direct shear box. A relatively quick shearing rate of 1.27 mm/min. was adopted. Results of the testing generally showed no peaking in the stress /
displacement curves, and the corresponding shear strength
parameters are shown in Table 3.
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Fig. 14. Results of reversal direct shear tests of slip surface
materials at Woo-Wan-Chai Area (ω=15%, σn=140~560 kPa).
Long-Term Residual (Drained) Strength
In order to evaluate the residual strength of the slip surface
material when subjected to a long shearing distance, a reversal
direct shear testing was considered (Head 1994). The test
sample was prepared and consolidated in the same manner as
for the short-term testing. By considering the time required
for consolidation and the expected shearing distance, a shearing rate of 0.02 mm/min. was adopted. The slow rate of shearing was to ensure a fully drained condition during the testing.
A long shearing distance was generated by reversing the shear
direction at the end of each run in a conventional direct shear
device. Results of the testing are shown in Table 3. Figure 14
indicates the combined stress / displacement curves for all of
the test runs. It was noticed that the peaking was obvious in
the first few runs of the test. However, residual states appeared to be reached in about 4~6 runs, with a cumulative
shearing distance of 30~80mm. The residual strength was
considerably smaller than the drained peak or the undrained
strengths for the in-situ slip surface material.
Creep Strength
The creep testing was performed to simulate the slip surface
material under different sustained loading (shearing) conditions. A conventional direct shear device was slightly modified with a pulling mechanism that could provide a constant
loading. The preparation and consolidation procedures of the
test samples were the same as for the previous undrained and
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Singh and Mitchell (1968) have proposed a phenomenological
model for describing the stress-strain-time (creep) relationship
of soils. The model was based on triaxial or plane-strain testing with stress and strain measurements. For the direct shear
testing used in the current study, however, a conversion of
shear displacement to shear strain was therefore required in
order to apply the model (Chiang 1994). Results of the creep
testing are shown in Fig.15, indicating only the primary and
secondary creeps existed for a stress level less than 80%. For
a stress level greater than about 85%, the tertiary creep (or
creep rupture) would occur for the in-situ slip surface material.
0.14

SL=33%, w=14.9%
SL=63%, w=15.1%
SL=72%, w=15.4%
SL=81%, w=15.0%
SL=87%, w=15.1%
Prediction, SL=33%
Prediction, SL=63%
Prediction, SL=72%
Prediction, SL=81%

0.10
0.08
0.06

0.02
0.00
10

100

1000

10000

100000

Creep Time (min.)

Fig. 15. Results of direct shear creep tests of the slip surface
materials at Woo-Wan-Chai Area (ω=15%, σn=140 kPa).
Based on Singh and Mitchell (1968), the stress-strain-time
relationship of soils can be expressed as follow:

⎛t ⎞
⎝t⎠

m

ε& = AeαD ⎜ 1 ⎟

(1)

where ε& = strain rate at any time, t; D = stress level; t1 = unit
time, e.g., 1 min.; A, α, m = parameters to be determined. The
solution of Eq.(1) can be obtained by integration with the results shown in the following two cases:

m ≠ 1 and t1 = 1
A αD 1− m
ε = ε0 +
e t
1− m
A αD
where ε 0 = ε 1 −
e
1− m
Case 2 – for m = 1 and t1 = 1
ε = ε 0 + Ae αD ln t
where ε 0 = ε 1
Case 1 – for
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Fig. 16. Relationship between creep strain rate and deviator
stress for the slip surface materials (ω=15%, σn=140 kPa).
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drained testing. Shear stresses were then applied to the samples at various percentages of the short-term undrained
strength (i.e., stress level, SL) of the slip surface material.

(2)
(2a)

(3)
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Fig. 17. Relationship between creep strain rate and creep time
for the slip surface materials (ω=15%, σn=140 kPa).
The parameters A and α can be obtained from the relationship
between ln ε& and D, as shown in Fig.16, where A is the yintercept with t=1 and α is the slope of the curves. The parameter m can be obtained from the relationship between ln ε&
and ln t , as shown in Fig.17, where -m is the slope of the
curves.
Results indicated the parameters for the in-situ slip surface
material were: A = 0.0008, α = 0.9, and m = 1.8. By adopting
these parameters, Eqs.(2) and (3) can be used to predict the
behavior of creep strain (ε) and time (t). As shown in Fig.15,
the predictions were generally consistent with the test data for
the stress level less than about 80%. For the stress level (SL >
85%) that would result in a creep rupture, the prediction of
creep strain and time can not be made. Singh and Mitchell
(1968) had found that the parameter m would lie between 0.75
and 1.0 for most of the soils with creeping behavior. The m
value obtained in this study appeared to show a low creeping
potential for the in-situ slip material.

(3a)
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Effect of Rainfall, Toe Erosion, Groundwater Rise on Slope
Creeping and Stability
From the above discussions, the triggering factors of creeping
of the on-site slope appeared to be due to the slope toe erosion,
rainfall infiltration, and groundwater rise. The inherent factors
that would contribute to the creep problem were the fractured
geologic structure and the creeping slip surface material (i.e.,
shale). The on-site shale along the slip surface was generally
categorized with low activity and low creeping potential. The
residual strength of the material was considerably lower than
its short-term undrained or drained peak strengths. The creep
strength, however, was about 85% of the short-term undrained
strength.

τ

Shear
Strength
Envelop
σ’

τ
Short-term
Undrained
Creep
Long-term
Drained /
Residual
Stress point Stress point
in N-slope
in S-slope

Stress point
moving direction
as a result of
creep failure
Stress point
moving direction
as a result of
rainfall infiltration
/ toe erosion
Stress point
moving direction
as a result of
groundwater rise

σ’

Fig. 18. Schematic illustration on the effect of rainfall infiltration and groundwater rise on the current stress state and its
relation with the short-term and creep strengths.
With all these in mind, one would be able to delineate the scenario of slope creeping in Woo-wan-chai Area. As illustrated
in Fig.18, the stress state of slip surface material might be initially close to its residual strength after pre-shearing. When
the slope movement ceased for some time and then tended to
reactivate, the shear strength of slip surface material would
correspond to a higher value (i.e., drained peak, or short-term
undrained strengths). The reactivation of creeping would be
triggered by an increase in the stress level, which could be due
to an increase in the driving shear stress by rainfall infiltration
/ slope toe erosion and/or due to a decrease in the shear resistance by groundwater level rise. If the stress level approached
the creep strength, a creep rupture in the slip surface material
would be expected and subsequently the stress level along slip
surface would then drop back to the residual state if the slope
became stabilized. The recurrence of the scenario would suggest a creep pattern of slopes resembling the one that was observed in the field (Fig.4).

stability by 4.6~6.5% in the north-slope, and 1.2~3.5% in the
south-slope. However, the groundwater level rise due to seasonal changes would decrease the computed stability by
1.8~3.7% in the north-slope, and 8.4~10.7% in the south-slope.
It is apparent that the rainfall infiltration was relatively more
sensitive to the stability of the north-slope, while the groundwater rise would be more intensive on the stability of the
south-slope.
Table 4. Effect of sliding mass water content and groundwater
level on the stability of slopes at Woo-Wan-Chai Area (Chang
et al. 2003, 2005).
North Slope
GW Level
High (+5m)
Low (-)
South Slope
GW Level
High (+10m)
Low

CONCLUDING REMARKS
The study herein reviewed the problem of slope creeping at
the Woo-wan-chai Area. The creeping was measured through
the on-site long-term monitoring program and the regression
analysis of monitoring data. Field investigations and laboratory testing were further conducted to delineate the subsurface
geologic condition and the properties of slip surface material.
Major findings of the current study are summarized as follows:
1. The triggering factors for slope creeping appeared to
be: rain water infiltration, slope toe erosion, and
groundwater rise. The inherent factors that had contributed to the creep problem were the multi-layered
sliding mass distribution resulted from complex geologic structure and faulting, and the slip surface material (i.e., shale) that was capable of creeping.
2. Due to generally shallower groundwater levels and
submerged slip surfaces, the natural creep rate (i.e.,
the minimum displacement rate with no recorded
rainfall) for the north-slope (4.5~12.0 mm/month)
was higher than that for the south-slope (0.3~4.8
mm/month).
3. Due to the sub-drain system installation, the groundwater level fluctuation in the north-slope (±3m) was

STABILITY ANALYSIS OF CREEPING SLOPES
To examine the effect of rainfall infiltration and groundwater
level rise, stability analyses for the north and south slopes
were performed (Chang et al. 2003, 2005). As shown in Table
4, the rainfall infiltration (simulated by an increase in water
content of the sliding mass) would decrease the computed
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Factor of Safety Variations
ω=5%
ω=15%
-3.7%
-8.3%
(basis of comparison)
-6.5%
Factor of Safety Variations
ω=5%
ω=15%
-10.7%
-11.9%
(basis of comparison)
-3.5%

4.

less that that for the south-slope (±10m). Accordingly, the accumulated rainfall threshold (i.e., the collected precipitation causing a substantial increase in
the displacement rate) for the north-slope (170~270
mm) was greater than that for the south-slope (80~
130mm).
The maximum creep rate of slopes in this study could
reach about 20 mm/month. Average creep rates were
7.1 and 4.8 mm/month, for the north and south slopes,
respectively.

9

5.

6.

7.

8.

9.

The plasticity index and activity of on-site slip surface material (shale) were about 20 and 0.35, respectively, indicating the plasticity, compressibility, permeability, and expansibility of the material were generally low.
The residual strength of the slip surface material was
about 60% of its undrained (short-term) strength.
The creep strength, however, was about 85% of the
undrained strength.
Singh and Mitchell’s (1968) creep-rate model predicted well on the creep test results for the current
study, using direct shear device under stress level less
than about 80%. The calibrated parameters of the
model were: A = 0.0008, α = 0.9, and m = 1.8, suggesting a relatively low creeping potential for the onsite slip surface material.
A scenario of creep movement for the on-site slopes
was postulated, where the triggering factors (rain water infiltration, slope toe erosion, and groundwater
rise) tended to increase the stress level, and hence the
creeping rate. If the stress level reached about 85%
of its undrained strength, a creep rupture (failure) in
the slip surface material would be expected.
Stability analysis confirmed relative sensitivities of
rainfall infiltration and groundwater rise to the stabilities of north and south slopes. Generally, the rainfall infiltration was more sensitive to the stability of
north-slope, while the groundwater rise would be
more intensive on the stability of south-slope.
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